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(57) Abstract 

Issue 

Improving the adhesive used on the positive electrode of an anhydrous electrolyte secondary cell 
specifically enhances the cycle characteristics. 



Means of resolution 



It is possible to prevent peeling of the active substance from the metal collector that occurs in 
conjunction with charge and discharge cycles by using a suitable amount of polyvinylidene ' 
fluoride and an organic compound having an imide base as the adhesive of the positive electrode. 
Anhydrous electrolyte secondary cells using this adhesive have superior cycle characteristics. 

[see source for figure] 

1. Cell case 

2. Seal plate 

3. Insulating backing 

4. Electrode plate group 

5. Positive electrode lead 

6. Negative electrode lead 

7. Insulating ring 

Scope of Patent Claims 
Claim 1 

An anhydrous electrolyte secondary cell provided with a negative electrode composed of lithium, 
lithium alloy or a compound of that can absorb and release lithium, and a positive electrode 
composed of a compound that can charge and release electricity reversibly with lithium, 
characterized by using a mixture of a polyvinylidene fluoride ..am Lorg anic compound havin gan 
imide base as the adhesive that is a configurational element of the aforementioned positive 
Electrode - 

Claim 2 

An anhydrous electrolyte secondary cell described in Claim 1 wherein the content ratio of the 
organic compound having an imide base to the positive electrode active substance is 0.05-0.25 
weight parts. 

Claim 3 

An anhydrous electrolyte secondary cell described in Claim 1 or Claim 2 characterized by the 
organic compound having a chemical structure like that indicated in "chemical formula 1." 

Detailed Explanation of the Invention 

0001 

Technical Field to Which the Invention Belongs 

The present invention is an anhydrous electrolyte secondary cell, and in particular the present 
invention is related to improving the cell characteristics by improving the adhesive used for the 
positive electrode thereof. 



0002 



Prior Art 

In recent years there has been rapid progress in making portable and cordless electronic devices. 
Compact, lightweight secondary cells having high energy density are primarily used as the power 
sources for these devices. Of these, anhydrous electrolyte secondary cells, especially lithium 
secondary cells, are highly regarded as cells having high energy density. 

0003 

In order to endure under heavy loads, it is preferable to make the electrode surface area large, 
and to have a large area of surface contact with the pair of electrodes. Specifically, it is 
advantageous to have a cell structure in which the positive and negative electrode active 
substances are coated on thin metal foil collectors together with a conductive material and an 
adhesive, and then to wind these in a spiral shape via a separator. 

0004 

This positive electrode, which uses a lithium composite oxide, is created by kneading together a 
conductive material with an adhesive that is dissolved in an organic solvent, coating this on a 
collector, drying, and then affixing by rolling, etc. Polyvinylidene fluoride (Japan Unexamined 
Patent Application Publication No. H4-249859) and polyimide resins (Japan Unexamined Patent 
Application Publication No. S57-210568) have been proposed as such adhesives. 

0005 

Nonetheless, although the polyvinylidene fluoride is suitable for unifying the positive electrode 
active substances because it has superior adhesion with metal oxide, its adhesion with the 
collector metal consisting of copper or aluminum, etc. is not all that satisfactory. For this reason, 
cells that utilize polyvinylidene fluoride as the adhesive of the positive electrode, which is 
composed of a compound that can absorb and release lithium, has the problems that the adhesion 
between the collector and the electrode layer deteriorates during repeated charge and discharge 
cycles, and the lifespan of the cell is shortened by the reduction in discharge capacity. 

0006 

In addition, polyimide resin is superior in adhesion with collector metal that is composed of 
copper or aluminum, etc., but it has low conductivity in relation to the collector metal. 
Consequently, batteries that use polyimide resin as the adhesive for the positive electrode, which 
is composed of a compound that can absorb and release lithium, has the problem that, although it 
is superior in charge and discharge cycle characteristics, there is little discharge capacity because 
the cell has high internal resistance. 



0007 



Problems to Be Solved by the Invention 



The present invention offers an anhydrous electrolyte secondary cell that prevents peeling of the 
positive electrode active substance from the collector metal, and has little reduction capacity for 
repeated charge and discharge cycles. 

0008 

Means to Resolve the Problems 

In order to resolve the aforementioned problems, the present invention is characterized by 
providing a negative electrode that is composed of lithium, lithium alloy, or a compound that can 
absorb and release lithium, and a positive electrode that is composed of a compound that can 
charge and discharge reversibly with lithium, and by using a mixture of polyvinylidene fluoride 
and an organic compound having an imide base as the adhesive which is a compositional 
element of that positive electrode. The positive electrode in the present invention is created by 
using a mixture of polyvinylidene fluoride dissolved in an organic solvent and an organic 
com p.o,und,hay.in g_anjLmide base as the adhesive, b y kneading this together with a conductive 
substance, and by coating on the collector, drying, and then affixing by rolling, etc. 

0009 

Compounds 1-29, indicated by "chemical formula 1" are organic compounds having an imide 
base that have superior adhesion with collector metal. 

0010 

Chemical compound 1 
[see source for figure] 
Compounds 1-12 
(1-12 correspond to n=l-12) 
Compound 13 
Compound 14 
Compound 15 
Compound 16 
Compound 17 
Compounds 18-29 
(18-29 correspond to n=l-12) 

0011 

Forms of Embodying the Invention 

Polyvinylidene fluoride and organic compound having an imide base are used as the adhesive in 
the cell of the present invention. Adhesion with the positive electrode active substance can be 



realized by the polyvinylidene fluoride, and the adhesion between the positive electrode active 
substance and the collector metal can be realized by the organic compound having an imide base. 
This can resolve the previous problems, specifically, the deterioration of the adhesion between 
the collector and the electrode layer upon repeated charge and discharge cycles, and the short cell 
lifespan caused by reduced discharge capacity. 

0012 

Although the adhesion with the collector metal is improved when the content ratio of organic 
compound having an imide base is too large in relation to the positive electrode active substance, 
the conductivity in relation to the collector metal is low, and therefore the discharge 
characteristics under a heavy load become unsatisfactory. For this reason, the content percentage 
of organic compound having an imide base in relation to the positive electrode active substance 
is preferably 0.05-0.25 weight parts. 

0013 

Embodiments 
Embodiment 1 

An embodiment of the present invention will be explained below while referring to the diagrams. 
A vertical cross-sectional diagram of a cylindrical cell utilizing the present embodiment is 
indicated in Figure 1. In the diagram, 1 indicates a cell case processed from an organic 
electrolyte-resistant stainless steel plate; 2 indicates a seal plate provided with a safety seal; and 
3 indicates an insulating backing. 4 is an electrode plate group, wherein the positive electrode 
and the negative electrode are wound in multiple spiral windings via a separator, and are housed 
in the case 1. A positive electrode lead 5 is drawn out from the aforementioned positive electrode 
and is connected to the seal plate 2, and a negative electrode lead 6 is drawn out from the 
negative electrode and is connected to the bottom of the seal case 1. 7 indicates insulating rings, 
and these are provided respectively on the top and bottom of the electrode plate group 4. 

0014 

The positive electrode uses LiNio.9Coo.1O2 as the active substance. Four weight parts of acetylene 
black are mixed in relation to 10 weight parts positive electrode active substance. To this, N- 
methyl pyrrolidone, in which 4 weight parts polyvinylidene fluoride and 0.1 weight parts 
chemical compounds 1-29 (corresponding to cells 1-29 respectively) expressed by chemical 
formula 1 have been dissolved, is added as the adhesive, and this is kneaded into a paste. Next, 
this paste is coated onto both sides of aluminum film, dried, and then rolled to make a positive 
electrode with a thickness of 0.14 mm, a width of 37 mm, and a length of 250 mm. 

00015 

The negative electrode uses graphitized mesophase sphericules (called mesophase graphite 
hereinafter). Three weight parts styrene/butadiene rubber is mixed with 100 weight parts of this 



mesophase graphite as the adhesive, carboxymethyl cellulose aqueous solution is added, and this 
is kneaded into a paste. This paste is coated onto both sides of copper foil, dried, and then made 
into a negative electrode with a thickness of 0.21 mm, a width of 39 mm, and a length of 280 
mm by rolling. 

00016 

Then, an aluminum lead is attached to the positive electrode, and a nickel lead is attached to the 
negative electrode. A polyethylene separator with a thickness of 0.025 mm, a width of 45 mm, 
and a length of 740 mm is placed between them, they are wound into a spiral shape, and housed 
in a cell case with a diameter of 14.0 mm and a height of 50 mm. 

0017 

Lithium phosphate hexafluoride is dissolved in a 1/1 mol ratio in a mixed medium of ethylene 
carbonate and ethyl methyl carbonate in a 20:80 volume ratio. This is taken as the electrolyte, 
and infused into the cell case. The cell is completed by sealing the case. 

0018 

Embodiment 2 

Four weight parts polyvinylidene fluoride and N-methyl pyrrolidone solution, in which 0.2 
weight parts compound 1 expressed by chemical formula 1 is dissolved, is added as the adhesive 
in relation to 100 weight parts positive electrode active substance. Cell 30 is made by 
configuring the positive electrode plate and cell in the same manner as in Embodiment 1. 

0019 

Embodiment 3 

Four weight parts polyvinylidene fluoride and N-methyl pyrrolidone solution, in which 1.0 
weight part compound 1 expressed by chemical formula 1 is dissolved, is added as the adhesive 
in relation to 100 weight parts positive electrode active substance. Cell 31 is made by 
configuring the positive electrode plate and cell in the same manner as in Embodiment 1. 

0020 

Comparative Example 1 

N-methyl pyrrolidone solution, in which only 4 weight parts polyvinylidene fluoride is dissolved, 
is added as the adhesive in relation to 100 weight parts positive electrode active substance. Cell 
32 is made by configuring the positive electrode plate and cell in the same manner as in 
Embodiment 1. 



0021 



Comparative Example 2 

N-methyl pyrrolidone solution, in which only 4 weight parts of compound 1 expressed by 
chemical formula 1 is dissolved, is added as the adhesive in relation to 100 weight parts positive 
electrode active substance. Cell 33 is made by configuring the positive electrode plate and cell in 
the same manner as in Embodiment 1. 

0022 

High load charge and discharge cycle tests were conducted on these batteries under the following 
conditions. Charging was conducted at a constant voltage charge of 4.2 V for two hours, and it 
was set up so that there was a constant current charge at 420 mA until the cell voltage reached 
4.2 V. Then, the high load discharge test was conducted at 1220 mA, and the cycle test was 
conducted at 610 mA. The final discharge voltage was 3.0 V. This charging and discharging was 
conducted in a 20°C environment. In the cycle test, the fifth cycle discharge capacity was taken 
as the initial capacity, the time when the discharge capacity deteriorated to 300 mAh was taken 
as the final cycle lifespan period, and the number of cycles was read. The results are indicated in 
tables 1-2. 

0023 



Table 1 



Cell 


Amount of 
BMI added 
(weight 
parts) 


Initial 
capacity 
(mAh) 


High load 
capacity 
(mAh) 


Final 
lifespan 
period 
(number of 
cycles) 


Cell 1 


0.10 


602 


548 


876 


Cell 2 


0.10 


608 


542 


878 


Cell 3 


0.10 


600 


536 


866 


Cell 4 


0.10 


595 


530 


830 


Cell 5 


0.10 


601 


544 


844 


Cell 6 


0.10 


605 


538 


855 


Cell 7 


0.10 


590 


528 


850 


Cell 8 


0.10 


588 


530 


860 


Cell 9 


0.10 


576 


531 


840 


Cell 10 


0.10 


580 


526 


866 


Cell 11 


0.10 


588 


533 


863 


Cell 12 


0.10 


582 


520 


870 


Cell 13 


0.10 


610 


540 


880 


Cell 14 


0.10 


605 


544 


838 


Cell 15 


0.10 


592 


532 


866 


Cell 16 


0.10 


582 


536 


871 


Cell 17 


0.10 


589 


528 


879 
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Table 2 



Cell 


Amount of 


Initial 


High load 


Final 




BMI added 
(weight 
parts) 


capacity 
(mAh) 


capacity 
(mAh) 


lifespan 
period 
(number of 
cycles) 


Cell 18 


0.10 


610 


542 


876 


Cell 19 


0.10 


608 


544 


881 


Cell 20 


0.10 


599 


538 


866 


Cell 21 


0.10 


605 


540 


860 


Cell 22 


0.10 


591 


536 


852 


Cell 23 


0.10 


589 


522 


848 


Cell 24 


0.10 


r o i 

581 


533 


828 


Cell 25 


0.10 


588 


526 


833 


Cell 26 


0.10 


592 


530 


841 


Cell 27 


0.10 


580 


528 


828 


Cell 28 


0.10 


592 


529 


844 


Cell 29 


0.10 


588 


522 


830 


Cell 30 


0.20 


613 


537 


882 


Cell 31 


1.00 


597 


388 


888 


Cell 32 


0.00 


608 


579 


422 


Cell 33 


4.00 


481 


186 


408 



0025 



It can be understood from Tables 1-2 that initial capacity of the cells when conducting the 
constant current discharge at 610 mA was nearly the same for the cell using only a 
polyvinylidene fluoride as the adhesive (cell 32) as it was for the cells in which compounds 1-29 
expressed by chemical formula 1 were added to the polyvinylidene fluoride (cells 1-31). 
However, the cell that had only an organic compound including an imide base as the adhesive 
(cell 33) had noticeably less capacity. This is because organic compounds including an imide 
base are superior in adhesion to the collector metal, but have high cell internal resistance because 
there is no conductivity in relation to the collector metal. 

0026 

Moreover, when conducting fixed current discharge with a high load of 1220 mA, the cells, in 
which the adhesive was 0.1-0.2 weight parts compounds 1-29 expressed by chemical formula 1 
added to polyvinylidene fluoride (cells 1-30) were not found to have that large of a capacity 
reduction compared to the cell in which the adhesive was only polyvinylidene fluoride (cell 32). 
However, the cell in which 1.0 weight part compound 1 expressed by chemical formula 1 was 
added to polyvinylidene fluoride (cell 31) and the cell in which the adhesive was only an organic 



compound containing an imide base (cell 33) had a noticeably reduced capacity. This is because 
organic compounds having an imide base are not in themselves conductive, and because the 
conductivity in relation to the collector metal becomes lower as the content percentage of organic 
compound including an imide base becomes larger in the adhesive. 

0027 

Moreover, compared to the cell with an adhesive of polyvinylidene fluoride (cell 32), the cells 
that had compounds 1-29 expressed by chemical formula 1 added to the polyvinylidene fluoride 
(cells 1-31) had a notably improved number of cycles by the end of the lifespan. Because the 
superior adhesiveness of the BMI in the adhesive in relation to the collector metal prevents 
peeling of the positive electrode active substance from the collector metal in conjunction with 
repeated charge and discharge cycles, there was little reduction of capacity in conjunction with 
the repetition of charge and discharge cycles. In addition, as more organic compound containing 
an imide base was added into the adhesive, the number of cycles increased, but no great 
difference in the number of the respective cycles was observed. This is because even a small 
amount of BMI in the adhesive supports sufficient adhesiveness in relation to the collector metal. 
The cell in which the adhesive was only an organic compound containing an imide base (cell 33) 
did not have very many cycles by the end of the lifespan, but this was because the initial capacity 
was small, and it quickly deteriorated to a discharge capacity of 300 mAh. 

0028 

From the above, the present invention can prevent peeling of the active substance from the 
collector metal in conjunction with the charge and discharge cycles by using a suitable amount of 
organic compound containing an imide base together with polyvinylidene fluoride as the positive 
electrode adhesive of an anhydrous electrolyte secondary cell, and thereby, the present invention 
can improve the cell cycle characteristics. 

0029 

Further, LiNio.9Coo.1O2 was used as the positive electrode active substance in the aforementioned 
embodiment, but similar results can be obtained by using such positive electrode materials and 
lithium composite oxides expressed by the general formulae Li x Ni0 2 , Li x CoC>2, Li x Mn 2 C>4 
(0<x<1.2), or lithium composite oxides expressed by general formula Li x N(i. y) M y 02 (0<x<1.2, 
0<y<0.5, N, M, are two or more kinds of metal elements such as Ni, Ti, V, Cr, Mn, Fe, Co, Cu, 
Zn, Al, B). 

0030 

In addition, the aforementioned embodiments were evaluated using cylindrical cells, but similar 
results could be obtained by using different shaped cells, such as a square cells. 



0031 



Further, carbon material was used in the negative electrode in the aforementioned embodiments, 
but because the effectiveness of the present invention is used for the positive electrode plate, the 
same effect can be obtained even if using lithium, lithium alloy, or a compound that can absorb 
and release lithium. 

0032 

Lithium phosphate hexafluoride was used as the electrolyte in the aforementioned embodiments, 
but the same effect could be obtained by using salts containing lithium, for example, lithium 
perchlorate, lithium borate tetrafluoride, lithium sulfate trifluoromethane, lithium arsenate 
hexachloride, etc. 

0033 

Further, a mixed medium of ethylene carbonate and ethyl methyl carbonate was used in the 
aforementioned embodiment, but the same effect could be obtained by using other anhydrous 
media, for example, cyclic esters such as propylene carbonate, cyclic ethers such as 
tetrahydrofuran, linked ethers such as dimethoxyethane, linked esters such as methyl propionate, 
and multi-element compound media of these. 

0034 

Effects of the Invention 

As described above, according to the present invention, by using a suitable amount of an organic 
compound having an imide base together with polyvinylidene fluoride as the adhesive for the 
positive electrode, it is possible to offer an anhydrous electrolyte secondary cell with superior 
cycle characteristics because peeling of the active substance from the collector metal in 
conjunction with the charge and discharge cycles can be prevented. 

Brief Description of the Diagrams 

Figure 1 is a cross-section diagram of a cylindrical cell used in the embodiments of the present 
invention and in the comparative examples. 

Legend 

[see source for figure] 

1. Cell case 

2. Seal plate 

3. Insulating backing 

4. Electrode plate group 

5. Positive electrode lead 

6. Negative electrode lead 

7. Insulating ring 



Figure 1 

[see source for figure] 
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2. Seal plate 

3. Insulating backing 

4. Electrode plate group 

5. Positive electrode lead 

6. Negative electrode lead 

7. Insulating ring 
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